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REPRESENTATIVE EARTHQUAKE FEATURES 
IN THE NEW MADRID SEISMIC ZONE 
AS SEEN BY PARTICIPANTS 
IN THE MARCH 15-17, 1991, 
FIELD TRIP 
by: 
David stewart, Director ~f 
center for Earthquake stud1es 
Associate Professor of 
Dept. of Earth sciences.at . 
southwest Missouri state Un1vers1ty 
Following the Second International Conference on 
Recent Developments in Earthquake Engineering and Soil 
Dynamics at St. Louis, Missouri, March 11-15, 1991, a 
select group of 41 participants at that conference 
were led on a field trip to the New Madrid Seismic 
zone by David Stewart and Ray Knox of Southeast 
Missouri State University. 
The New Madrid Seismic Zone and surrounding area 
exhibits thousands of examples of earthquake landforms 
within a 7,000 square mile area. The field trip, 
however, only covered a restricted area within 25 
miles of New Madrid, between Sikeston, Missouri, on 
the north, Caruthersville, Missouri, on the south, 
Hayti, Missouri on the west, and on the east, Reelfoot 
Lake, the Chicasaw Bluffs of Tennessee, and the 
landslides in Hickman, Kentucky. (see Figure 1) 
All participants were provided with an 
illustrated field guide available from the Center for 
Earthquake Studies at southeast. Chart One, taken 
from that field guide, outlines the variety of 
earthquake-related features that can be seen in the 
region. Figures 2, 3 and 4, also taken from the guide, 
give sectional views of some of the features. 
The trip featured 17 scheduled stops (see Figure 
1) as well as at least 5 or 6 unscheduled stops. The 
trip officially started Friday night in Sikeston with 
a geologicjseismologic briefing to prepare for the 
next two day's stops. 
All features seen on the trip were produced by 
the massive series of 2,000 earthquakes of 1811-12 
known as "The Great New Madrid Earthquakes." The 
principle epicentral areas for the largest events of 
this sequence are thought to be just west of 
Blytheville, Arkansas (magnitude 8.6, December 16, 
1811), just north of Caruthersville, Missouri 
(magnitude 8.4, January 23, 1812), and near Marston, 
Missouri (magnitude 8.8, February 7, 1812). All stops 
of the field trip were within 25 miles of the centers 
of the January 23 and February 7, 1812, events. 
Not all varieties of features listed in Chart 
one and sketched in Figures 2-4 were seen, but most 
were at least sampled. With hundreds of earthquake 
induced landslides, thousands of seismic sand 
features, sunk lands, and secondary faults, a more 
thorough trip would take weeks. Nevertheless, in a 
short a lot was seen, as follows: 
Sand Blow features, including explosion sand 
blow craters, filled craters, and an 
earthquake pond. Two of these features, 
one 200 feet in diameter, the other 80 
feet in diameter, are adjacent to 
Interstate Highway 55, six miles south of 
Sikeston near milepost 60. 
Sand Boils, numerous examples, including all 
three varieties, mounded, flat and 
concave. While thousands of these can be 
seen in sizes from 20-100 feet in 
diameter, there are also many huge sand 
boils, probably the result of multiple 
episodes of liquefactions and the 
coalescence of many. One of these, seen 
on Stop 10, was approximately 40 acres in 
extent, being elliptic in shape--2,500 
feet long by 800 feet wide. Found in most 
boils are samples of lignite, pea gravel, 
limonite nodules, carbonized wood, 
petroliferous nodules, ~d American Indian 
artifacts--flint arrowheads and pottery 
sha{ds.- Participants on the trip were 
able to collect most of these during Stop 
10, the "40-acre Sandboil," named by 
visitors as ''The Beach.'' On the return 
trip, while passing through Cairo, 
Illinois, on the way back to St. Louis, 
hydrologically induced sand boils (HIL's) 
were seen along the highway. These form 
every year in certain areas when the 
Mississippi and Ohio Rivers rise to levels 
above the bases of the levees so that a 
hydrologic gradient is temporarily created 
from the river inland, thus activating 
liquefaction-prone areas to boil. Hence, 
we were not only able to see traces of old 
sand boils from 180 years ago as evidence 
of seismically induced liquefaction (SIL) 
but we were fortunate in also being able 
to see currently active HIL in the same 
trip. 
Lateral Spread Features, including sags, graben 
fissures, and sand fissures. One of the 
most outstanding sand fissures was one 
nearly 1,000 feet long that is truncated 
by the property of the Sikeston Electric 
Power Plant. The fissure, which is 20-50 
feet wide, projects into the generating 
facilities between a 410 foot tall 
smokestack and the generator turbines. 
Some future earthquake will cause this 
fissure to liquefy again and shut down the 
plant for an undeterminant length of time. 
Planners for the plant did not recognize 
the sand feature as seismic in origin when 
construction began some twenty years ago. 
Now they know, but it is too late to 
relocate and rebuild. As for graben 
fissures, we saw two. One, over 1,000 
feet long, is about 100 feet wide at its 
widest, but pinches out at each end like 
the shape of a banana or canoe. In the 
lowest portion, intermittent ponds are 
often found, as was the case during our 
trip. 
Differential Subsidence Features were seen, 
including a "sunk land" only 13 miles 
south of Cape Girardeau just off of the 
Benton Hills as we drove to Sikeston the 
first night. We also saw, on the way to 
Sikeston, the bed of old Lake St. John, 10 
miles north of Sikeston, an earthquake 
lake that survived 100 years after the 
1811-12 series, but which has now been 
drained to be used as farmland. A 
curvilinear crevasse was also seen as an 
unscheduled stop just outside of New 
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Madrid, a differential subsidence features 
locally known as "Des Cyprie," which is 
probably over a buried ancient stream 
channel with all of the characteristics of 
a meander. The most famous subsidence 
feature in the area is, of course, 
Reelfoot Lake, some 65 square miles when 
originally formed. The group reached 
Reelfoot on the Sunday morning of March 17 
where we enjoyed the museum and ate 
breakfast. 
Secondary Faults (surface faults) were also 
seen. The graben fissures are, of course, 
parallel pairs of such faults. The largest 
seen was a normal fault where Reelfoot 
Lake is on the down side (on the east). 
This scarp is called "The Reelfoot Fault." 
Its vertical expression is between 10 and 
25 feet. 
Slope Failure Features, we got to see all 
varieties listed in Chart One. Perhaps, 
the most spectacular are the urban 
rotational slumps and earthflows of 
Hickman, Kentucky. When Hickman was 
founded in the mid 1800's, the founding 
fathers did not realize that the nice 
terraces galloping down the slopes from 
the bluffs above were, in fact, landslides 
from the 1811-12 earthquakes. The saying 
is, "Once a landslide, always a 
landslide." Such land is unstable and 
will slide again in response to changing 
conditions or future earthquakes. To see 
how the streets, houses, sidewalks, and 
other urban features of Hickman are being 
affected by their fateful choice of an old 
earthquake landslide site is dramatic. 
You have to go there to appreciate it. 
Seismically Historic Sites: The group got to 
visit the current site of New Madrid and 
view, out into the Mississippi River, 
where the original site of New Madrid used 
to be before the earthquakes. They also 
got to see where one of the temporary 
waterfalls formed on February 7, 1812, and 
where the river ran backwards for a few 
hours on that same day. They also got to 
see the original site of Little Prairie, 
under the river just north of present-day 
Caruthersville, where a whole town became 
flooded by groundwater extrusion and 
subsidence on December 16, 1811, forcing 
the total evacuation of all residents who 
had to wade more than 8 miles through 
waist deep water, fleeing for their lives, 
before finding dry land near present-day 
Hayti. The bus for the trip traversed 
those 8 miles, through th~ same lands 
those brave people had to wade to safety, 
except we knew we were safe. Those 
people, back then, in the cold of winter 
trudging through those murky waters, 
stumbling into crevasses and accompanied 
by swimming snakes, did not know if they 
would make it or not. 
Pseudoseismic Features: Many other landforms in 
the area could be mistaken as seismic in 
origin. The participants some many of 
these as well, including numerous "borrow 
pits, •• which are man-dug pits or ditches 
where soil is taken to be used for an 
overpass, to raise the highway grade, or 
to build a levee. 
The feedback from trip participants was quite 
positive, including many constructive suggestions for 
the next trip. There is, perhaps, no other place in 
the world where so much can be seen and learned about 
earthquake soil dynamics. To have so many thousands 
of square miles of alluvial deposits with shallow 
water tables bounded by landslide-prone hills in a 
seismic region underlain by one of the most active 
fault systems in the world it may have no match 
anywhere else in the world. 
Participants on the trip represented more than 
fifteen nations, many of whom are authorities on 
liquefaction and soil dynamics in their own countries. 
Yet none had seen such enormous features in such 
variety and in such abundance still preserved from 
earthquakes that had happened so long ago. Such trips 
must be planned for all future similar conferences in 
the Midwestern U.S. inasmuch as the uniqueness of the 
seismicity and geomorphology of this region offers a 
lifetime opportunity for many engineers and soil 
scientists to see and experience what many have only 
read of in books. 
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Figure 1. Road Log Map with Field Trip Stops. :-lumbers m circles refer to 
the field trip stops. Notice how the stops clu~ter around New 
Madrid, Missouri. 
Sectional VIews of Extrusive Sand Features 
rim 
&. ·. · · Explosion Sand Blow Crater 1 .. · ... · . . . 
Filled Explosion Crater 
Earthquake Pond 
sandy fill from slumpage 
NLS Flat Sand Boll 
LSS· 
csand blanket ~· ~\ .· .... : = f:~~~~.~j"" Boll 
·::::?-"~supply. vent·. LSS 
Figure "-. Sectional Views of Extrusive Sand Features. NLS = Non-liquefiable 
Soil. LSS = Liquefiable Saturated Sand. DS = Dry Sand. 
Sand blow explosion craters were created by relatively violent 
sand ejection. They are, or were, conspicuously concave. 
Sand boils were created by less violent sand ejection. They are 
may be slightly concave, nearly flat, or mounded (convex). 
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Sectional Views of Intrusive Sand Features 
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Figure 3. Sectional Views of Intrusive Sand Features. NLS =Non-liquefiable 
Soil. LSS = Liquefiable Saturated Sand. Sand dikes and sand 
sills are not seen unless they are exposed in the sides of 
drainage ditches or other excavation. Sand dikes are discordant 
with the materials they intrude, whereas sand sills are more 
concordant. 
Sectional Views of Lateral Spread Features 
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Figure 'f. Sectional Views of Lateral Spread Features. NLS = Non-Liquefiable 
Soil. LSS = Liquefiable Saturated Sand. Lateral Spread features 
involve the NLS "layer" riding more or less passively on the 
seismically activated LSS zone below. Response may be as gentle 
as slight sags, or as dramatic as a large graben fissure. The 
forces causing spread may be tensional, moving laterally both 
directions from the point of rupture, or unidirectional, W1th only 
one side moving. In the latter case, the mobile "block" ~s . 
usually moving toward a river, bayou, or other feature m whtch an 
escarpment is failing. 
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CHART ONE 
SEISMIC AND PSEUDOSEISMIC FEATURES 
IN THE NEW MADRID SEISMIC ZONE 
I. Extrusive Sand Features 
A. Sand Blows 
1. Explosion Sand Blow Craters 
2. Filled Explosion Craters 
3. Earthquake Ponds 
B. Sand Boils 
1. Mounded (Convex) 
2. F'lat 
3. Depressed (Concave) 
II. Intrusive Sand Features 
A Sand dikes 
B. Sand sills 
III. Lateral Spread Features 
A Sag Features 
B. Linear Crevasses 
C. Graben Fissures 
D. Sand Fissures 
1. Linear 
2. Curvilinear 
E. Seismic Sand Ridges 
F. Sand Sloughs 
IV. Differential Subsidence Features 
A Sunk Lands 
B. Earthquake Lakes 
C. Curvilinear Crevasses 
V. Secondary Fault Features 
A Strike Slip Faults 
B. Normal Dip Slip Faults 
C. Domes (Horsts) 
VI. Slope Failure Features 
A. Translational Block Slides 
B. Earth Flows 
C. Rotational Slump 
D. Urban Landslides 
VII. Seismically Historic Sites 
A Original Site of New Madrid 
B. Site of 217/1812 Waterfall on the Mississippi 
C. Site of 2/7/1812 Retrograde Motion of Mississippi 
D. Site of Broken Cypress Stumps from Violent River Waves 
D. Site of Lost Village of Little Prairie 
VIII. Pseudoseismic Features 
A Natural 
1. Dunes 
2. Braided-Bar Islands 
3. Fluvial Sandbars 
4. Small Stream Channels 
5. Prairie Mounds 
6. Relict Terraces 
7. Relict Natural Levees 
8. Hydrologically Induced Sand Boils 
B. Man-Made 
L Indian Mounds 
2. Borrow Pits 
3. Canals and Drainage Ditches 
4. Sand Mine Pits 
5. Spoil Banks 
6. Small Dug Ponds 
